We have previously reported a slower rate of progression in the number of microaneurysms in insulin dependent diabetic patients treated by divided insulin injections when compared to patients receiving a single daily insulin injection [Diabetes 25, 463-469 (1976)]. This observation is strengthened by the present analysis which uses complementary data obtained after a further year follow up: the mean yearly increase in the number of microaneurysms was 9 + 1 in the single injection group and 3___ 1 in the multiple one (p < 0.001).
As recently emphasized [1] , some prospective studies in man [2--4, in 4] and animal [5] [6] [7] [8] demonstrate that improvement of regulation of glucose levels may delay the occurrence of microvascular complications of diabetes. Our group reported that insulin dependent diabetics treated by multiple daily insulin injections (M group) experienced a slower rate of development of microaneurysms and a better control of diabetes than those treated by a single daily injections (S group) [4] . This paper deals with the final results of this trial, after a further year follow up, designed to verify previously reported results. The mean duration of the survey was finally about four years in both groups. Differences reached a higher level of statistical significance.
Material and Methods
A detailed description of patients' treatment, adherence to treatment and data collected has been previously published for the first three years of follow up [4] . No change occured in the fourth year except one patient of the M group left the Paris area within that period and could not submit to the final examination. The trial was designed as follows: forty two insulin dependent diabetic patients were randomly assigned to two groups of treatment i. e. a single injection group and a multiple injection group. Patients of the S group received long acting insulin alone or with short or intermediate acting insulin added in the same injection. Patients of the M group received short acting insulin before breakfast and lunch and intermediate acting insulin with or without short acting insulin before dinner. When they refused the three injection regime, they were subjected to two injections of intermediate acting insulin, one before breakfast and one before dinner. Only the total dally insulin dosage and the number of daily injections have been recorded regardless of the type of insulin which had been chosen as the best for each patient by his physician. Retinal changes were evaluated by counting the microaneurysms of the posterior pole of the more diseased eye on angiofluorograms. No significant proliferative lesions existed either at baseline or at the end of the survey. Control of diabetes was roughly evaluated by recording 24 hour glycosuria and fasting blood sugar values at the time of quarterly clinical examination. At the beginning of the study it was realized that these variables could be poorly related to actual metabolic control, but the definition of a reliable index of metabolic control, for long term studies, remained at that time an unresolved problem. Some other clinical and biological variables, such as blood pressure, weight, serum cholesterol, serum lipids, and plasma creatinine were analyzed.
Results
Mean duration of follow-up was 49.1_+3.4 months in the S group and 51.1_+2.6 months in the M group (NS).
The number of microaneurysms at baseline and final examination are shown in Table 1 . Statistical analysis of ophthalmological data is given in Table 2 . It shows that the increase in the number of microaneurysms was significantly lower in the M than in the S group (p < 0.001). Table 3 shows that mean fasting blood sugar calculated as the mean of all individual mean values was significantly lower in the M 0012-186X/79/0016/0013/$01.00 In parentheses: time in months from baseline examination Table 4 .
Discussion
The present analysis, using complementary data, strengthens our previous report of a slower rate of progression of microaneurysms in insulin dependent diabetics treated with multiple daily insulin injections when compared to patients treated with a single daily injection [4] . It can be questioned whether a slower increase in the number of microaneurysms is really beneficial. Thus it could be hypothesized that slower development of these lesions could be due to faster extension of areas of vascular non perfusion. Although this might be true for an individual patient, there is evidence that, in terms of means, the increase of the number of microaneurysms tends to parallell the aggravation of diabetic retinopathy. Previous transvers studies by our group showed that the number of microaneurysms correlates with the duration of the disease and with the plasma creatinine levels [9] .
Furthermore we have verified that the mean number of microaneurysms is consistently higher in patients with proliferative lesions than in patients with background retinopathy. Whether this relation is causal or not, a high number of microaneurysms is a risk factor for development of proliferative retinopathy. It has been questioned how far significant differences observed in groups of limited size are reliable [10] . It must be emphasized that we used statistical techniques designed for small size samples, non normal distribution and non equal variances. These included square root transformation and non parametric tests. Unfortunately, there is no way to measure the risk of extrapolating to large populations the results obtained in highly selected groups.
It has also been emphasized [10] that only four of the 21 patients actually received three injections of insulin per day during the whole trial. In fact the trial was designed to compare single to multiple (two or three) insulin regimes. Furthermore in the M group 13 patients at least remained with three daily injections of insulin during a mean duration of one year [4] .
The intimate mechanisms of the apparent effect of dividing insulin administration through the day might be due to: 1) differences of the type of insulin. This hypothesis seems at least unlikely; 2) differences of the quality of general management of diabetics, related to the psychological effect of treatment by multiple daily injections. This hypothesis cannot be ruled out because it was not possible to use placebo insulin injections in the S group;
3) differences in metabolic control: although this hypothesis underlies our study, its validity could not be unambiguously assessed since the effect of treatment on retinal changes was much more significant than their effect on fasting blood sugar or 24 hour glycosuria. This observation could be explained by the lack of reliability of these investigations as indices of metabolic control [11] . Since the beginning of our study, it has been claimed that measurement of glycosylated hemoglobin provides a reliable estimation of diabetic control [12] [13] [14] . It would be therefore of interest to verify that changes in the number of daily insulin injections do modify this variable in randomized groups of patients.
